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ORIGINAL ARTICLE
Chorioamnionitis (CAM) is one of the main
causes of preterm labor and has been associated
with adverse perinatal outcome in preterm in-
fants.1 Microbial infection of the chorioamnion
is detected in 60% of all preterm deliveries,2 and
intrauterine infection is commonly identified in
premature delivery. The rate of clinical CAM may
be higher in deliveries at earlier gestation, partic-
ularly in those patients with preterm premature
rupture of membranes (PPROM). The diagnosis of
histological CAM requires examination of the pla-
centa after delivery. Higher occurrence of histo-
logical CAM in preterm placentas compared with
those at term has been well documented.3,4
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Background/Purpose: Chorioamnionitis (CAM) is one of the main causes of preterm labor. The specific aim
of our study was to evaluate neonatal outcome and anthropometric growth at the corrected age of 2 years
after exposure to an adverse intrauterine event of CAM in very low birth weight (VLBW, < 1500 g) infants.
Methods: One hundred and nineteen VLBW infants had adequate placental histological data available for
the study. Maternal and perinatal characteristics and neonatal morbidity were determined. The infants were
followed up prospectively and their anthropometric growth was recorded in the neonatal follow-up clinic
for 2 years.
Results: Histological CAM was evident in 64 cases (53.8%, CAM group). Patients with histological CAM
delivered earlier (27.8 ± 2.9 vs. 29.6 ± 3.6 weeks, p= 0.003), and they had higher incidence of preterm prema-
ture rupture of membranes (PPROM, p < 0.001) and longer ventilation days (p = 0.001). After adjusting for
gestational age, sepsis (aOR, 3.355), bronchopulmonary dysplasia (aOR, 3.018) and mechanical ventilation
(aOR, 4.094) had a higher incidence in the CAM group. At the corrected ages of 6, 12, 18 and 24 months,
anthropometric measurements, including body weight, body height and head circumference, were similar
for the study and control infants.
Conclusion: Histological CAM was associated with a higher incidence of PPROM, sepsis, bronchopul-
monary dysplasia, more mechanical ventilation and longer ventilation days. However, at the age of 2 years,
CAM had no impact on anthropometric growth. [J Formos Med Assoc 2008;107(4):304–310]
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Some studies have reported an adverse effect
of clinical and histopathological CAM on neona-
tal outcome. In full-term neonates, there were
higher rates of perinatal death and neonatal sep-
sis in the first 48 hours of life in infants whose
delivery was complicated by histopathological
CAM,5,6 and neonatal morbidity was higher in
this group too.7 The impaired fetal angiogenesis
in the placenta might be one of the pathogenic
mechanisms that contributes to increased mor-
bidity and mortality of fetuses and newborns
who are exposed to CAM and funisitis.8
The effects of CAM were neonatal sepsis in
full-term babies and PPROM in preterm infants.
No previous studies have investigated the effect
of CAM on the growth of very low birth weight
(VLBW) infants. The specific aims of our study
were to evaluate neonatal outcome and anthro-
pometric growth at the corrected age of 2 years
after exposure to an adverse intrauterine envi-
ronment in VLBW infants.
Methods
This was a descriptive, double-cohort study of a
group of VLBW neonates delivered at Shin-Kong
Wu Ho-Su Memorial Hospital between January
2000 and December 2004. They were admitted
to the special care nursery with the primary reason
of PPROM or prematurity. After discharge, they
were followed up longitudinally in the high-risk
newborn follow-up clinic. All infants were free of
major congenital anomalies. Gestational age was
determined by menstrual history, antenatal ul-
trasound, and Ballard assessment.9 Neonatal
characteristics and morbidities were recorded.
The chronological ages were adjusted. Maternal
charts were reviewed, including maternal age, de-
livery mode, multiple pregnancies, and use of an-
tibiotics or steroids and assisted reproductive
technology. PPROM was defined as spontaneous
rupture of membranes before the onset of labor.
Antepartum use of antibiotics consisted of intra-
venous or oral antibiotics administered within 24
hours of delivery. Antenatal steroid use consisted
of two doses of 12 mg betamethasone 24 hours
apart.
Respiratory distress syndrome (RDS) was de-
fined as a combination of three of the following:
clinical signs, oxygen requirement > 30% from 12
to 72 hours, need for assisted ventilation (con-
tinuous positive airway pressure or mechanical
ventilation), and typical chest X-ray appearance.
Intraventricular hemorrhage (IVH) was graded
according to the Papile classification.10 Necrotizing
enterocolitis (NEC) was classified as the presence
of intramural gas on X-ray, perforation or evidence
of intestinal necrosis at surgery or autopsy. Patent
ductus arteriosus (PDA) was diagnosed by clini-
cal signs and/or echocardiography confirmation.
Sepsis was defined as a positive blood culture.
Early neonatal septicemia was defined as a posi-
tive blood culture in the first 72 hours.
Placental specimens included a minimum of
two segments of umbilical cord, one parenchyma
section including chorion and amnion, and a
membrane roll that extended from the area of
rupture to the margin of the placenta. Tissue sec-
tions were stained with hematoxylin and eosin.
Histological CAM was defined if the chorion and
amnion were infiltrated with inflammatory cells
and the chorionic plate was cloudy or opaque.
Clinical CAM was defined by criteria introduced
by Gibbs et al.11 These criteria included a mater-
nal temperature of 38°C or higher and two of the
following: maternal heart rate >20 bpm, fetal heart
rate > 160 bpm, foul smelling amniotic fluid, fun-
dal tenderness, and maternal white blood cell
count > 14,000/mL.
For survivors between 6 and 24 months of
corrected age, the anthropometric growth, includ-
ing weight, height and head circumference were
recorded.
For continuous variables, values are expressed
as mean ± standard deviation unless indicated
otherwise, and an independent t test was used for
statistical analysis. For the categorical variables,
Pearson’s χ2 test was used to compare proportions
of the groups. All risk factors were proceeded by
adjusted logistic regression analysis, which was per-
formed to account for the potential confounding
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variables of complications in premature neonates.
A value of p < 0.05 was considered significant.
Analyses were performed using the SPSS statistical
package (SPSS Inc., Chicago, IL, USA). The study
was approved by the Shin Kong Wu Ho-Su
Memorial Hospital’s institutional review board.
Results
One hundred and nineteen cases had available
placental histological data. Histological CAM was
evident in 64 (53.8%) cases. Maternal character-
istics are presented in Table 1. Between cases with
and without histological CAM, there was a sig-
nificant difference in the frequency of twin preg-
nancy (3/64, 4.7% vs. 12/55, 21.8%; p = 0.005),
but no difference in maternal age, gravity, parity,
delivery mode, use of steroid or tocolytic agent,
and whether or not conception was through as-
sisted reproductive technology. The number of
cases with CAM increased with decreasing gesta-
tional age (Figure). The peak prevalence of CAM
was displayed at the gestational age of 27–30
weeks (up to 48%). There was one case with clin-
ical CAM in the histological CAM group and no
cases with microbial evidence in either group.
As shown in Table 2, mothers with histological
CAM delivered earlier (27.8 ± 2.9 vs. 29.6 ± 3.6
weeks; p = 0.003) and had higher incidence of
PPROM (30/64, 46.9% vs. 6/55, 10.9%; p <0.001).
The probability of being small for gestational age
(SGA) was lower in infants with CAM (SGA,
19/64, 29.7% vs. 30/55, 54.5%; p = 0.005). There
were no significant differences in birth weight,
Apgar scores at 1 and 5 minutes, gender, duration
of PPROM (hours) and meconium staining.
Neonatal outcomes are shown in Table 3. In
the CAM group, surfactant use (48/64, 75.0% vs.
30/55, 54.5%; p = 0.022), sepsis (21/64, 32.8%
vs. 7/55, 12.7%; p=0.016) and bronchopulmonary
dysplasia (BPD; 25/64, 39.1% vs. 10/55, 18.2%;
p=0.016) were greater and the median days of ven-
tilation (22.0 ± 28.2 vs. 7.8 ± 13.1 days; p = 0.001)
were longer. The gestational ages in the two groups
were different, and this may have interfered with
the analysis of neonatal outcome. After adjusting
for gestational age, CAM increased the risk of
sepsis (aOR, 3.355; 95% CI, 1.275, 8.827), BPD
(aOR, 3.018; 95% CI, 1.235, 7.378) and use of
Table 1. Antenatal demographics*
CAM (n = 64) Non-CAM (n = 55) p
Maternal age (yr) 29.4 ± 5.2 31.2 ± 5.8 0.092
Gravidity 2.7 ± 1.7 3.1 ± 2.1 0.312
Parity 1.8 ± 0.9 1.8 ± 0.9 0.689
Cesarean delivery 29 (45.3) 37 (67.3) 0.216
Twins 3 (4.7) 12 (21.8) 0.005†
Use of maternal steroids 33 (51.6) 20 (36.4) 0.409
Use of tocolytic agents 20 (31.3) 17 (30.9) 0.668
Assisted reproductive technology 5 (7.8) 5 (9.1) 0.737
*Data presented as mean ± standard deviation or n (%); †significant at p < 0.05 level. CAM = preterm infants with histological






























Figure. Distribution of cases with histological chorioam-
nionitis (CAM) and non-CAM based on gestational age
(weeks).
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mechanical ventilation (aOR, 4.092; 95% CI,
1.374, 12.187), as well as ventilation over 5 days
(aOR, 2.654; 95% CI, 1.127, 6.252). The inci-
dence of NEC was low, with three cases in the
CAM group and none in the non-CAM group.
There were no cases of early neonatal sepsis in 
either group; all 28 cases with neonatal septicemia
had ventilator-associated pneumonia (VAP), and
none of them had primary neonatal septicemia.
Neonatal septicemia and VAP were strongly related
to histological CAM (21 in the CAM group and 7 in
the non-CAM group). The majority of organisms
included Candida parapsilosis (n = 4), Acinobacter
baumannii (n = 4), Klebsiella pneumoniae (n = 3),
Serratia marcescens (n=3) and Staphylococcus epider-
midis (n = 3).
At the corrected ages of 6, 12, 18 and 24 months,
anthropometric growth of infants, including body
weight, body height and head circumference, were
similar in both groups (Table 4).
Table 2. Perinatal demographic characteristics*
CAM (n = 64) Non-CAM (n = 55) p
Gestational age (wk) 27.8 ± 2.9 29.6 ± 3.6 0.003†
Birth body weight (g) 1078.4 ± 274.7 1142.2 ± 274.7 0.211
Apgar score (1 min) 4.6 ± 1.8 5.1 ± 1.9 0.154
Apgar score ≤ 3 (1 min) 13 (20.3) 8 (14.5) 0.478
Apgar score (5 min) 6.6 ± 1.6 6.9 ± 1.6 0.259
Apgar score ≤ 5 (5 min) 6 (9.4) 5 (9.1) 1.000
Male 36 (56.3) 28 (50.9) 0.576
Small for gestational age 19 (29.7) 30 (54.5) 0.005‡
Meconium staining 3 (4.7) 1 (1.8) 0.623
PPROM 30 (46.9) 6 (10.9) < 0.001‡
Duration of PPROM (hr) 128.3 ± 113.0 113.8 ± 71.5 0.768
*Data presented as mean ± standard deviation or n (%); †p < 0.05, independent t test; ‡p < 0.05, Pearson’s χ2 test. PPROM = preterm
premature rupture of membranes.
Table 3. Neonatal outcomes*
CAM (n = 64) Non-CAM (n = 55) p† aOR (95% CI)
Survival 51 (79.7) 44 (80.0) 1.000 0.295 (0.089, 0.983)
Mechanical ventilation 56 (87.5) 40 (72.7) 0.061 4.092 (1.374, 12.187)‡
Use of surfactant 48 (75.0) 30 (54.5) 0.022‡ 1.841 (0.765, 4.427)
Sepsis with VAP 21 (32.8) 7 (12.7) 0.016‡ 3.355 (1.275, 8.827)‡
Respiratory distress syndrome 56 (87.5) 40 (72.7) 0.061 2.068 (0.768, 5.573)
Bronchopulmonary dysplasia 25 (39.1) 10 (18.2) 0.016‡ 3.018 (1.235, 7.378)‡
Patent ductus arteriosus 11 (17.2) 5 (9.1) 0.281 1.653 (0.510, 5.359)
IVH 15 (23.4) 11 (20.0) 0.824 0.681 (0.250, 1.855)
IVH, grades III and IV 11 (17.2) 9 (16.4) 1.000 0.536 (0.179, 1.606)
ROP, all grades 32 (50.0) 25 (45.5) 1.000 1.531 (0.709, 3.307)
ROP, ≥ stage III 11 (17.2) 8 (14.5) 1.000 1.330 (0.463, 3.820)
Necrotizing enterocolitis 3 (4.7) 0 (0) – –
Ventilation duration (d) 22.0 ± 28.2 7.8 ± 13.1 0.001‡ –
Length of hospital stay (d) 63.6 ± 40.1 78.2 ± 71.8 0.672 –
*Data presented as n (%) or mean ± standard deviation; †p obtained from independent t test or Pearson’s χ2 test; ‡significant at 
p < 0.05 level. aOR = adjusted odds ratio, all adjusted for gestational age in weeks; CI = confidence interval; VAP = ventilator-associated
pneumonia; IVH = intraventricular hemorrhage; ROP = retinopathy of prematurity.
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Discussion
In our study, there were 53.8% of placentas with
CAM, similar to Dexter et al’s report (57%).12
The number of cases of CAM increased with de-
creasing gestational age, which was consistent
with previous studies.13 Thus, placental inflam-
mation is a common finding in preterm gesta-
tion. The etiology of preterm delivery of a fetus
with CAM might be directly related to infection;
however, clinical evidence of infection is rarely
detected, so the diagnosis is usually made through
histologic examination of the placenta.
In our study, CAM was not an indication for
cesarean section, but rather, acute perinatal events
were. This reflects that histological CAM is a
chronic or subacute inflammatory condition of the
placenta. Romero et al6 have shown that a fetal
inflammatory process may be followed by the
spontaneous onset of preterm labor. It is also
possible that inflammation impairs placental
function. The rate of maternal steroid use was
51.6% in the CAM group compared to 36.4% in
the non-CAM group. In the non-CAM group, there
were more preterm deliveries for maternal reasons
or the time from arrival to delivery was insufficient
to obtain a fetal steroid response. These factors
possibly accounted for differences in steroid use.
In this study, there was one case of clinical CAM
in the histological CAM group and no cases with
microbial evidence in either group. We did not
have enough cases of clinical CAM to investigate
the histological findings and outcome.
The prevalence of PPROM was 46.9% and
10.9% (p < 0.001) in the CAM and non-CAM
groups, respectively. The cases with CAM had a
longer duration of ruptured membranes.14,15 This
supports the concept that intra-amniotic infection
is frequently caused by organisms in the lower
genital tract that ascend into the uterine cavity.
In addition to preterm delivery, CAM increases
neonatal morbidity and mortality. Hagberg et al16
have summarized the sequelae of CAM in both
term and preterm infants. We identified a higher
incidence of BPD, greater use of surfactant, and
more days of ventilation in the CAM group. CAM
leads to a fetal inflammatory response, which is
characterized by elevated cytokine levels. CAM is
Table 4. Growth of anthropometry*
CAM (n = 64) Non-CAM (n = 55) p
6 mo
BW 6.8 ± 1.1 7.1 ± 1.0 0.254
BH 64.2 ± 3.7 64.8 ± 3.6 0.453
HC 50.3 ± 56.3 42.4 ± 1.3 0.375
12 mo
BW 8.7 ± 1.2 8.7 ± 1.0 0.921
BH 72.8 ± 3.5 71.2 ± 9.3 0.314
HC 44.6 ± 1.6 45.0 ± 1.3 0.181
18 mo
BW 10.1 ± 1.4 9.8 ± 1.2 0.284
BH 79.6 ± 4.1 78.4 ± 3.2 0.153
HC 45.9 ± 1.7 46.2 ± 1.4 0.442
24 mo
BW 11.5 ± 2.4 11.2 ± 1.3 0.444
BH 85.1 ± 4.1 84.3 ± 3.4 0.401
HC 46.9 ± 1.7 46.8 ± 1.1 0.940
*Data presented as mean ± standard deviation. BW = body weight; BH = body height; HC = head circumference.
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reported to cause accelerated but abnormal lung
maturation, which results in decreased incidence
of RDS, but increased BPD.17 Our study, which
showed that histological CAM increased the risk
of BPD (p = 0.016; aOR, 3.018), was consistent
with previous studies.17,18 However, there was no
significant association between CAM and RDS
(p = 0.061; aOR, 2.068). Pulmonary inflamma-
tion is a key feature in the pathogenesis of BPD.
This inflammatory process, induced by multiple
risk factors, is characterized by the presence of
inflammatory cells, cytokines and an arsenal of
additional humoral mediators in the airways and
pulmonary tissue. Intrauterine exposure to proin-
flammatory cytokines or antenatal infection may
prime the fetal lung such that minimally injurious
postnatal events provoke an excessive pulmonary
inflammatory response that affects normal alve-
olization and pulmonary vascular development.
This leads to difficulty in respiratory care after
birth. However, in Mehta et al’s study, CAM was
not a significant risk factor for BPD among
neonates born at around 34 weeks of gestation.19
A few studies have demonstrated a reduction in
the incidence of RDS in neonates with histological
CAM.18,20 Shimoya et al identified elevated levels
of interleukin-6 in cord sera of babies with
CAM.21 Interleukin promotes fetal lung matura-
tion by inducing surfactant protein-A synthesis,
thereby, reducing the incidence of RDS. Our
findings differ from these studies; after adjusting
for gestational age, CAM had no impact on RDS.
Histological CAM was strongly associated
with neonatal septicemia. Most septicemic pa-
tients were delivered within 24 hours of mem-
brane rupture, which highlighted the potential
role of infection in premature delivery. In this
study, there was no case of early neonatal sepsis.
These findings are not consistent with those of
other studies.22,23 All the neonatal septicemia in
our study occurred after the age of 3 days. Most
of the organisms included C. parapsilosis, A. bau-
manni, K. pneumoniae and S. marcescens. They
were also found in sputum culture that was aspi-
rated from an endotracheal tube; therefore, these
cases had VAP too. VAP is an airway infection
that develops 48 hours after the patient is intu-
bated. Because the CAM group had longer venti-
lation days (p = 0.001), it was reasonable that VAP
occurred more frequently in this group. In our
study, CAM was a risk factor for neonatal sep-
ticemia with VAP (aOR, 3.355; 95% CI, 1.374,
12.187).
There were no significant differences in PDA,
retinopathy of prematurity (all grades and grade
> III), IVH (all grades or stratification of grades
III and IV) and NEC. This was not the same as
the study of Salafia et al,24 who found that early
germinal matrix/IVH occurred more frequently
in infants delivered with a placenta showing am-
niotic inflammation. In our study, the gestational
age of the CAM group was significantly shorter
than that of the non-CAM group. However, the
IVH incidences were similar, although theoreti-
cally, IVH occurred more frequently in babies of
younger gestational age. For NEC, there were only
three cases in the CAM group and none in the non-
CAM group, so a type 2 error must be considered.
There have been no previous studies investi-
gating the effect of CAM on anthropometric
growth. Morbidity was increased among preterm
infants with CAM, thus the anthropometric
growth might be affected. In our study, at corrected
ages of 6, 12, 18 and 24 months, the two groups
of premature infants showed similar growth, in-
cluding body weight, height and head girth.
In conclusion, histological CAM was associated
with increased risk of BPD and sepsis in VLBW
premature infants. However, it was not associated
with survival, PDA, IVH, NEC, retinopathy of pre-
maturity and anthropometric growth within 
2 years after birth.
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